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The incidence of outbreaks of foodborne listeriosis has indicated the need 
for a reliable and rapid detection of the microbe in different foodstuffs. A method 
combining redox potential measurement and real-time polymerase chain reaction 
(PCR) was developed to detect Listeria monocytogenes in artificially contami-
nated raw milk and soft cheese. Food samples of 25 g or 25 ml were homogenised 
in 225 ml of Listeria Enrichment Broth (LEB) with Oxford supplement, and the 
redox potential measurement technique was applied. For Listeria species the 
measuring time was maximum 34 h. The absence of L. monocytogenes could re-
liably be proven by the redox potential measurement method, but Listeria innocua 
and Bacillus subtilis could not be differentiated from L. monocytogenes on the ba-
sis of the redox curves. The presence of L. monocytogenes had to be confirmed by 
real-time PCR. The combination of these two methods proved to detect < 10 cfu/g 
of L. monocytogenes in a cost- and time-effective manner. This method can poten-
tially be used as an alternative to the standard nutrient method for the rapid detec-
tion of L. monocytogenes in food. 
Key words: Listeria monocytogenes, rapid detection, redox potential, real-
time PCR, food safety 
Listeria monocytogenes is widely distributed in the environment. The mi-
crobe can be found in unprocessed food of animal origin such as raw milk, meat, 
fish as well as fruits and vegetables, but it can also be detected in some processed 
and ready-to-eat foods, e.g. cheese, ice cream and processed meat, due to post-
processing contamination (Norrung et al., 1999; Guerra et al., 2001). Epidemiol-
ogical data show that listeriosis has one of the highest hospitalisation and fatality 
rates among foodborne diseases. Several outbreaks of listeriosis have proved to 
be associated with the consumption of milk or dairy products, causing great con-
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cern in the dairy industry due to the number of cases and the nearly 30% mortal-
ity rate of the outbreaks (Newell et al., 2010). 
The detection of pathogenic bacteria is a fundamental objective of food 
microbiology to ensure food safety. Conventional microbiological culture proce-
dures are laborious and time consuming, as they generally require at least 5 days. 
This time is an off-limited value for screening perishable food products, which is 
essential if listeriosis outbreaks are to be minimised (Peng and Shelef, 2000). 
Although the sensitivity of many modern detection methods has improved 
significantly, an enrichment step is still needed to overcome the problems of low 
pathogen numbers and to limit the risk of detecting dead cells (Lantz et al., 1994; 
Peng and Shelef, 2000; Norton, 2002; O’Grady et al., 2009). The enrichment 
step is required not only to increase the target pathogen concentration in a sam-
ple but also to resuscitate physiologically stressed and injured cells. Selective en-
richment is also necessary to suppress the natural background microorganisms as 
well as to improve the efficiency of detection and to avoid false-negative results 
(Garrido et al., 2013). 
Concerning molecular methods, the sample volume required by the poly-
merase chain reaction (PCR) technique (1 ml) does not allow the direct determina-
tion of the prescribed food safety requirement: ‘no L. monocytogenes in 25 g sam-
ple’ (Commission Regulation [EC] No 2073/2005 on microbiological criteria for 
foodstuffs). Before taking a sample for the PCR test, the microbial concentration of 
the sample had to be increased by selective enrichment in the same way as when 
using conventional culture methods. The necessity of the enrichment depends on the 
microbial concentration of the sample and is independent of the kind of PCR kit. 
After enrichment, Listeria monocytogenes can be detected by culturing or 
by PCR. The culture method is time consuming while the PCR is very expensive. 
In order to reduce the cost and time requirement of the rapid and reliable 
detection and identification of L. monocytogenes, a redox potential measuring 
system was chosen for the enrichment, which made it possible to screen the sam-
ples potentially infected by L. monocytogenes. 
The instrumental enrichment method based on redox potential measure-
ment was originally developed and validated for the rapid determination of vi-
able counts of several microorganisms (E. coli, Salmonella, Enterococcus etc.) in 
water, milk, foods, surface samples, etc. (Reichart et al., 2007; Erdősi et al., 2012). 
The aim of the present work was to develop a protocol for the rapid detec-
tion of L. monocytogenes in raw milk and soft cheese by the combination of the 
redox potential measurement method for enrichment and real-time PCR for iden-
tification in a simple, time and cost-effective manner. 
The basic concept of this combination is that the redox potential meas-
urement, as an enrichment process, could screen the samples which do not con-
tain L. monocytogenes. Only the samples presumably positive for L. monocyto-
genes need the expensive PCR identification. 
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In order to determine the most suitable medium, the selectivity of three 
standard Listeria enrichment broths was studied. Applying the most suitable me-
dium in redox potential measurements of artificially contaminated milk and 
cheese samples, the obtained enriched media were directly used in real-time PCR 
identification of L. monocytogenes. The experimental results confirmed the use-
fulness of the combination of the two methods. 
 
 
Materials and methods 
Bacterial strains 
Since several bacterial species can co-exist and therefore be detected as 
‘background’ microflora in food samples, in order to investigate the specificity 
and reliability of the combined method the following bacterial strains were used: 
Listeria monocytogenes (ATCC 19111, ATCC 7644, NCAIM B1935), L. ivanovii 
(ATCC 19119), L. innocua (ATCC 33090), Staphylococcus aureus (ATCC 12600), 
Escherichia coli (ATCC 105369), Bacillus cereus (NCAIM B1827), B. subtilis 
(NCAIM B1095). Listeria strains were stored and cultured on Brain-Heart Agar 
(BHA, Merck) and the other bacterial species on Tryptic Soy Agar (TSA, Merck). 
Culture media 
In order to choose the most selective culture medium, bacterial growth was 
monitored by redox potential measurements in three different types of media: (a) 
Listeria Enrichment Broth (LEB) Base according to FDA/IDF-FIL (Merck) with 
Oxford Listeria Selective Supplement (Merck); (b) Listeria Enrichment Broth 
(LEB) Base according to FDA/IDF-FIL (Merck) with Listeria Selective Enrichment 
Supplement according to FDA-BAM 1995/IDF-FIL (Merck); (c) Fraser Listeria 
Selective Enrichment Broth (Merck) with Fraser Listeria Supplement (Merck). 
Sample preparation 
Twenty-five g of soft cheese or 25-ml raw milk samples were homoge-
nised in 225 ml of the Listeria Enrichment Broth (LEB) Base according to FDA/ 
IDF-FIL (Merck) with Oxford Listeria Selective Supplement (Merck) which was 
the most selective for L. monocytogenes among the three media examined. Raw 
milk and soft cheese samples were obtained from the local market. 
The food samples spiked with the test microorganisms were examined at 
three contamination levels (low, medium and high). From each test microbe a 
24-h slant agar single culture was washed with 9 ml peptone water and a tenfold 
dilution series was prepared. The samples (25 g in 225 ml broth) were inoculated 
with 1 ml of the 9th, 6th and 1st dilution of the single culture to set the different 
contamination levels, respectively. The incubation temperature was 37 °C. 
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The actual microbial counts of the inocula were determined by plate count-
ing from the dilution series in three parallels and referred to 1 ml or g of the sam-
ple. The coefficient of variation (CV % = 15%) was calculated from the standard 
deviation of the logN values, determined from the residual mean square of the 
analysis of variance. 
Experimental design: 2 products (milk and soft cheese), 8 microbes (natural + 
7 test microbes), 3 contamination levels (low, medium, high, EN ISO 16140:2003), 
3 parallels, sample size: n = 144. 
Conventional culturing method 
The conventional culturing method was done as described in ISO 11290-1. 
The simplified flow diagram of the classical method is demonstrated in Fig. 1. 
 
Fig. 1. Simplified flow diagram of the ISO 11290-1 classical method 
Redox potential measuring method 
The principle of the method is that in the measuring cell, due to microbial 
multiplication, above a quite high (106–107 cfu/ml) critical microbe concentration 
the redox potential of the medium is well-detectably reduced and the rate of its 
change exceeds a defined detection criterion. The time to detection (TTD) means 
the time necessary to reach the detection criterion. 
There is a close linear correlation between the TTD and the logarithm of 
the initial viable count. This relationship is represented by the calibration curve 
that makes it possible to calculate the initial viable microbe concentration as a 
function of the TTD. 
The measuring system records the redox curve, determines the TTD and 
calculates the initial viable count of the sample on the basis of the calibration 
curve. The method provides a good estimation of the microbial contamination 
level. Beyond the selectivity of the medium, owing to the characteristic pattern 
of the redox curves, the system usually makes it possible to identify the growing 
microflora (Reichart et al., 2007). 
The determinations were carried out using the MicroTester, a 32-channel 
redox potential measuring instrument. The MicroTester system consists of the 
following parts: water bath thermostat (accuracy: ± 0.2 °C), test cells, which in 
this case were 250-ml screw-capped glass flasks equipped with Schott Blue Line 
31 RX redox electrodes, PC drive (Windows XP, special software) data collec-
tion and evaluating unit, monitor. 
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Real-time PCR method 
The redox potential measurement, as an enrichment process, could screen 
the samples which did not contain L. monocytogenes. Only the presumably L. 
monocytogenes-positive samples were investigated further by real-time PCR to 
identify the bacterium. 
Genomic DNA was isolated from 1 ml of enriched food sample using the 
Mericon DNA Bacteria Plus Kit (Qiagen) according to the manufacturer’s in-
structions. Due to the loss during the process, 100 μl of the DNA isolate contains 
25% of the total DNA originating from a 1-ml sample of the enrichment culture. 
DNA (isolate) = 0.25·DNA (sample). 
Real-time PCR amplification was performed in SLAN® Real-Time PCR 
System (Hongshi) using the Mericon L. monocytogenes Kit (Qiagen) designed 
for the qualitative detection of L. monocytogenes in food and animal feed after 
enrichment. PCR was done in a final volume of 20 µl including 9.2 µl DNA iso-
late and 10.8 µl Multiplex PCR Master Mix containing target-specific primers 
and probes, as well as the internal control. DNA (PCR) = 0.092·DNA (isolate). 
Detection limit: the assay can detect down to 10 copies of L. monocyto-
genes DNA in a reaction (Mericon, 2011), which – by calculation – provides 435 
DNS copies/ml sample. 
Detection of pathogens using real-time PCR was based on the amplifica-
tion of a specific region of the relevant pathogen genome. The amplified product 
was detected by using target-specific fluorescent probes. As the PCR product ac-
cumulated, there was an increased fluorescent signal from the bound probes. 
Monitoring the fluorescence intensities during the PCR run (i.e. in real time) al-
lowed the detection of the accumulating PCR product without the need to re-
open the reaction tubes afterward. A positive result is visible as a final point of 
the fluorescence curve that lies clearly above the threshold. The number of cycles 
belonging to this point is the quantification cycle value. As a guideline, the unin-
hibited internal control should give a quantification cycle value ranging between 
28 and 32. A quantification cycle value over 33 indicates inhibition. If there is no 
visible point till the 38th cycle (CT ≥ 38), the result is negative. The isolated pure 
bacterial DNA was assayed using a streamlined real-time PCR protocol. 
 
 
Results 
Examination of the selectivity of media 
Bacterial growth was monitored by redox potential measurements in three 
different types of media at 37 °C. Each culture medium (250 ml) was inoculated 
with 1 ml (about 106 cfu) of the single culture of the test microorganism. 
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(a) Fraser Listeria Selective Enrichment Broth (Merck) with Fraser Lis-
teria Supplement (Merck). Growth: All of the three L. monocytogenes strains, L. 
ivanovii, L. innocua, E. coli, Staphylococcus aureus. 
(b) Listeria Enrichment Broth (LEB) Base according to FDA/IDF-FIL 
(Merck) with Listeria Selective Enrichment Supplement according to FDA-BAM 
1995/IDF-FIL (Merck). Growth: All of the three L. monocytogenes strains, L. 
ivanovii, L. innocua, S. aureus. No growth: E. coli. 
(c) Listeria Enrichment Broth (LEB) Base according to FDA/IDF-FIL 
(Merck) with Oxford Listeria Selective Supplement (Merck). Growth: All of the 
three L. monocytogenes strains, L. innocua. No growth: L. ivanovii, E. coli. In-
hibited: S. aureus. 
As can be seen, the LEB with Oxford Listeria Selective Supplement 
(Merck) showed the highest selectivity for the detection of L. monocytogenes; 
therefore, this medium was used for testing the samples prepared. The selectivity 
of the LEB broth with Oxford selective supplement is demonstrated in Fig. 2. 
Considering that E. coli was totally inhibited and the partially inhibited S. 
aureus did not reduce the redox potential of the medium to the level of Listeria 
spp., in the presence of L. monocytogenes or L. innocua the characteristic shape 
of Listeria redox curves could be recognised. In the presence of Bacillus subtilis 
the redox potential drops below the level of Listeria spp., so in this case the pres-
ence of L. monocytogenes could not be excluded (Fig. 2). 
 
Fig. 2. Selectivity of LEB broth with Oxford selective supplement. Eh: redox potential (mV),  
T = 37 °C 
Based on the redox potential measurement, the LEB with Oxford supple-
ment was the most selective medium for L. monocytogenes, but the redox curves 
of the three Listeria spp. and B. subtilis could not be differentiated. Due to this 
disability of differentiation, the identification had to be performed in each case 
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when the presence of L. monocytogenes could not be excluded. Real-time PCR 
technique was used to confirm the presence of L. monocytogenes. 
Determination of calibration curves of Listeria spp. 
The redox potential measurements were performed in LEB with Oxford 
supplement. For the determination of the calibration curve a slant agar of the Lis-
teria strain was washed down and a tenfold dilution series was prepared with 
peptone water to the 6th dilution level. From each dilution 1 ml was pipetted into 
a redox measuring cell containing 250 ml LEB with Oxford supplement. The 
equipment automatically determined the detection times belonging to the differ-
ent dilution levels. After inputting the viable count of the undiluted inoculum 
(determined by plate counting), the software computed the calibration curve. The 
equations of the calibration curves were calculated by linear regression from the 
logarithm of the initial viable cell numbers in the measuring cells (logN) and the 
TTD values. The measurement of the three L. monocytogenes strains (1: ATCC 
19111, 2: ATCC 7644, 3: NCAIM B1935) resulted in a common calibration 
curve which significantly differed from the calibration curve of L. innocua (Fig. 3). 
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Fig. 3. Calibration curves of Listeria spp. in LEB broth with Oxford supplement.  
TTD: Time to Detection where the detection criterion was –0.5 mV/min 
 
As demonstrated in Fig. 3, it could be established that the growth rate of L. 
monocytogenes was lower (the TTD belonging to the same logN is higher) than 
that of L. innocua. 
The detailed mathematical-statistical evaluation of the L. monocytogenes re-
gression was performed by Excel regression analysis. The main results are as fol-
low: Equation: TTD (h) = 34.32–3.822·logN; R2 = 0.9844, data pairs, n = 18; SD 
(TTD) = 0.9455 h; intercept, TTD (0) = 34.32 h, 95% confidence interval: 33.19–
35.44; Slope = –3.822 h/1 log unit, 95% confidence interval: –4.077 to –3.567.  
The validation characteristics calculated from the regression curve are as 
follow: Linearity: valid in the total range of detection; sensitivity (the slope of 
logN (cfu/measuring cell) 
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the calibration curve): 3.82 h/log unit; detection limit: theoretically 1 living mi-
crobe in the test cell; range of detection: 100–107 cfu/ml; repeatability of the TTD 
values: SD (TTD) = 0.9455 h. 
Determination of the absence or presumable presence of L. monocytogenes  
by the redox potential method 
Raw milk and soft cheese samples were tested by the redox potential 
method for the absence or presumable presence of L. monocytogenes. 
The theoretical time requirement of detection of one target microorganism 
in the measuring cell (logN = 0) can be calculated from the intercept TTD (0) of 
the calibration curve. 
Completing the calculation for the slower-growing L. monocytogenes and 
taking into account the upper limit of the intercept (35.44 h), if we do not obtain 
a TTD within 36 h, it is highly probable that the inoculum of the measuring cell 
is free of L. monocytogenes. 
The time required for screening the L. monocytogenes-negative samples is 
36 h. In the case of detectable contamination this time significantly decreases. Get-
ting a TTD value means a presumably positive sample. To confirm the presence of 
L. monocytogenes, real-time PCR technique was used. Obtaining a TTD value in-
dicated that the microbe concentration in the test cell reached about 106 cfu/ml, and 
thus the same suspension was ready for direct DNA isolation and real-time PCR 
assay. 
Identification of L. monocytogenes from presumably positive samples by PCR 
Identification from the enriched suspension by real-time PCR required an-
other 3 h. Due to the specificity of the Mericon L. monocytogenes Kit, only those 
samples were found to be positive which had been spiked with L. monocyto-
genes. Those samples, which were suspected to contain L. monocytogenes on the 
basis of redox potential measurement but actually were spiked with L. innocua or 
B. subtilis, were found to be negative in each parallel of all dilutions. 
The results of the spiked samples (positive or negative) as well as the time 
requirement of the redox potential measurements and real-time PCR and their 
combination compared to the conventional ISO 11290-1 standard method are 
summarised in Tables 1–3. 
 
Discussion 
Listeria monocytogenes is a widely occurring environmental and food-
borne pathogenic microbe capable of causing even lethal disease in humans. The 
presence of L. monocytogenes in several foodstuffs and the increasing number of 
outbreaks all over the world indicate the need for a faster detection of L. monocy-
togenes. Molecular methods such as the PCR can rapidly detect and identify 
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foodborne pathogenic microbes (Rijpens and Herman, 2002). Among the differ-
ent PCR methods the sensitivity of real-time PCR is equal to that of the culture 
methods (Navas et al., 2006). However, the use of PCR may be limited by its 
cost or the sample volume (Rodríguez-Lázaro et al., 2004). 
Table 1 
Detection and identification of Listeria monocytogenes at low contamination level 
Redox potential Real-time PCR 
Method N  (cfu/ml) 
Standard
result result TTD (h) result time (h) 
Total time 
(h) 
Milk   – – – – – – < 36  – 36 
L. monocytogenes 2.1·× 100 + + + + + + 31 + + + 3 34 
L. ivanovii 4.1·× 100 – – – – – – < 36  – 36 
L. innocua 3.3·× 100 – – – + + + 20 – – – 3 23 
Staphylococcus aureus 4.2·× 100 – – – – – – < 36  – 36 
Escherichia coli 5.6·× 100 – – – – – – < 36  – 36 
Bacillus cereus 1.5·× 100 – – – – – – < 36   36 
Bacillus subtilis 2.5·× 100 – – – + + + 25 – – – 3 28 
Soft cheese   – – – – – – < 36  – 36 
L. monocytogenes 9.5·× 100 + + + + + + 29 + + + 3 32 
L. ivanovii 3.6 ×·100 – – – – – – < 36  – 36 
L. innocua 5.7 ×·100 – – – + + + 21 – – – 3 24 
Staph. aureus 6.3 ×·100 – – – – – – < 36  – 36 
E. coli 2.1 ×·100 – – – – – – < 36  – 36 
Bacillus cereus 2.1 ×·100 – – – – – – < 36  – 36 
Bacillus subtilis 3.1 ×·100 – – – + + + 24 – – – 3 27 
N: microbe concentration of the inoculum, mean of 3 parallels, CV (N) = ±15%; Total: Total time 
requirement of identification, Redox + PCR; Standard: ISO 11290-1; TTD: Time to Detection,  
SD (TTD) = 0.95 h 
 
In this study, it was demonstrated that rapid and reliable detection of L. 
monocytogenes in raw milk and soft cheese was possible by a combination of re-
dox potential measurement and real-time PCR. In order to detect low numbers 
(even one cell) of bacteria and resuscitate physiologically stressed and injured 
ones, the enrichment phase was a crucial step (Cocolin et al., 2002). During the 
enrichment phase the L. monocytogenes-containing (i.e. presumably positive) 
samples could be screened by the redox potential measurement technique. Since 
the redox potential method was not able to distinguish the other Listeria spp. and 
B. subtilis from each other, the positive samples needed further identification by 
real-time PCR. 
The first step of the study was to select the most suitable medium, which 
proved to be LEB with Oxford supplement. In this selective medium the growth 
of L. ivanovii could not be detected by the redox method. Supposedly, this is the 
consequence of yet undefined interactions of the components and their concen-
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trations, with special regard to the antibiotics. Earlier, direct differentiation of L. 
monocytogenes from other Listeria spp. proved to be impossible with diverse 
types of media used by the conventional methods (Jamali et al., 2013). 
Table 2 
Detection and identification of Listeria monocytogenes at medium contamination level 
Redox potential Real-time PCR 
Method N  (cfu/ml) 
Standard
result result TTD (h) result time (h) 
Total time 
(h) 
Milk   – – – – – – < 36  – 36 
L. monocytogenes 2.2·× 103 + + + + + + 22 + + + 3 25 
L. ivanovii 3.5 ×·103 – – – – – – < 36  – 36 
L. innocua 9.8 ×·103 – – – + + + 15 – – – 3 18 
Staphylococcus aureus 5.6 ×·103 – – – – – – < 36  – 36 
Escherichia coli 2.4 ×·103 – – – – – – < 36  – 36 
Bacillus cereus 2.4 ×·103 – – – – – – < 36  – 36 
Bacillus subtilis 3.6 ×·103 – – – + + + 17 – – – 3 20 
Soft cheese   – – – – – – < 36  – 36 
L. monocytogenes 5.4 ×·103 + + + + + + 21 + + + 3 24 
L. ivanovii 3.1 ×·103 – – – – – – < 36  – 36 
L. innocua 2.5 ×·103 – – – + + + 14 – – – 3 17 
Staph. aureus 4.1 ×·103 – – – – – – < 36  – 36 
E. coli 3.4 ×·103 – – – – – – < 36  – 36 
Bacillus cereus 5.3 ×·103 – – – – – – < 36  – 36 
Bacillus subtilis 4.2 ×·103 – – – + + + 16 – – – 3 19 
N: microbe concentration of the inoculum, mean of 3 parallels, CV (N) = ±15%; Total: Total time 
requirement of identification, Redox + PCR; Standard: ISO 11290-1; TTD: Time to Detection,  
SD (TTD) = 0.95 h 
From the calibration curves of the redox potential measurement it could be 
deducted that in the presence of L. monocytogenes the result is obtained within 
maximum 36 h. If we get no TTD within 36 h, the sample is probably free of L. 
monocytogenes contamination. The proposed combination of redox potential 
measurement with PCR was applied to detect L. monocytogenes in raw milk and 
soft cheese samples artificially contaminated with listeria and disturbing bacte-
rium species. The testing of samples at three contamination levels (Tables 1–3) 
showed no differences between the different spiking concentrations. Only the 
samples containing L. monocytogenes proved to be positive (Tables 1–3). 
The standard microbiological method always detected the presence of L. 
monocytogenes without false positive or negative results. The redox potential 
method detected the presence of L. monocytogenes and gave false positive results 
in the presence of L. innocua or B. subtilis but did not give false negative results. 
Direct PCR investigation of the presumably positive suspension of redox poten-
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tial measurement always distinguished the presence of L. monocytogenes from 
the disturbing microbes without any false result. 
The results obtained by the combination of the two instrumental methods 
were completely identical with those of the classical culture methods. However, 
the time requirement of the investigations was significantly shorter. At low con-
tamination levels (N < 10 cfu/g, Table 1) below the detection limit of the direct 
PCR technique (Rantsiou et al., 2008; Martin et al., 2012), the detection of L. 
monocytogenes required 34 h including the redox potential and PCR methods. At 
medium contamination level (103–104 cfu/g, Table 2) the instrumental detection 
and identification needs about 24 h. At extremely high contamination (107–108 cfu/g, 
Table 3) the time requirement is about 8 h. 
Table 3 
Detection and identification of Listeria monocytogenes at high contamination level 
Redox potential Real-time PCR 
Method N  (cfu/ml) 
Standard
result result TTD (h) result time (h) 
Total time 
(h) 
Milk   – – – – – – < 36  – 36 
L. monocytogenes 8.9 ×·107 + + + + + + 4.4 + + + 3 7.4 
L. ivanovii 8.5 ×·108 – – – – – – < 36  – 36 
L. innocua 5.1 ×·108 – – – + + + 2.3 – – – 3 5.3 
Staphylococcus aureus 3.2 ×·108 – – – – – – < 36  – 36 
Escherichia coli 4.1 ×·108 – – – – – – < 36  – 36 
Bacillus cereus 1.6 ×·108 – – – – – – < 36   36 
Bacillus subtilis 6.3 ×·108 – – – + + + 5 – – – 3 8 
Soft cheese   – – – – – – < 36  – 36 
L. monocytogenes 3.5 ×·107 + + + + + + 4.6 + + + 3 7.6 
L. ivanovii 8.3 ×·107 – – – – – – < 36  – 36 
L. innocua 6.4 ×·107 – – – + + + 4.1 – – – 3 7.1 
Staph. aureus 5.6 ×·108 – – – – – – < 36  – 36 
E. coli 2.4 ×·108 – – – – – – < 36  – 36 
Bacillus cereus 1.9 ×·108 – – – – – – < 36   36 
Bacillus subtilis 5.9 ×·108 – – – + + + 4.5 – – – 3 7.5 
N: microbe concentration of the inoculum, mean of 3 parallels, CV (N) = ±15%; Total: Total time 
requirement of identification, Redox + PCR; Standard: ISO 11290-1; TTD: Time to Detection,  
SD (TTD) = 0.95 h 
 
As compared to the conventional culture method which requires 120 h for 
the detection of ‘no Listeria’ or 168 h for ‘no L. monocytogenes’ (ISO 11290-1, 
1996), having the results by the proposed method couple in maximum 36 hours 
would provide a significant aid to the manufacturers to reliably determine the cri-
terion that L. monocytogenes is not present in 25 g sample before the product 
leaves the production plant. 
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The redox potential measurement as an enrichment process was able to 
screen the majority of the L. monocytogenes-negative samples. Only the pre-
sumably positive samples need the expensive PCR identification. The benefit of 
the combined method is that in case of L. monocytogenes-negative samples the 
cost of the PCR identification can be saved. 
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